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DESCRIPTION 

RAD lO RECE IVING APPARATUS AND RADIO RECEIVING METHOD 



Technical FJ{eld 

The present invention relates to a radio 

receiving apparatus and a radio receiving met ho d used 

t 

in a mobile communication system of CDMA (Code 



\ 



Division Multiple Access) ♦ 



I 

\ 

I 

10 Background Art 

In a mobile communication system of CDMAr since 

a pluralitylof user signals is transmitted in the 

i 

same tsand, ajsignal that a radio receiving apparatus 
receives iB| subjected to interference by various 
15 signals to cause deterioration of characteristics. 

An array antenna is known as an apparatus for 

i 

eliminating; the interference. The array antenna is 

i 

composed ofja plurality of antenna elements, and is 
capable of (Setting reception directivity freely by 
20 providing ajijustment of each of amplitude and phase 
to a signal received by each antenna element- In this 
case, adjusjtment of amplitude and phase provided to 
the receiveli signal can be carried out by multiplying 

the receiveid signal by weighting factor (hereinafter 

I 

25 referred tlo as ''reception weight")- The radio 
receiving ajpparatus can intensively receive only a 
signal comiing from a desired direction by adjusting 



2 

I 

j 

the receptioin weight by whicli tlie received signal 

t 

is multiplieid - 

f 

Another! apparatus for eliminating the 

interference'/ an interference canceller is known. 
I 

5 The interference canceller is a technique for 
canceling a signal (interference) transmitted from 
other communication partners other than current 
f3 communica tipn partner from the received signal to 

% extract a dc;slred signal from the received signal. 

10 conventionairy , as an apparatus for cancelxTig 
inter forence signals, there are apparatuses described in 
ro 1) *sequentia!l Channel Estimation Type Serial Canceller 

is I 

O Using a pilojt symbol in DS-CDMA (Technical Bulletin, 

KCS9S-50, Jul^r 1995 , R a dLio Communi c a t i Qn Sy s tem Re s e ar c h 
15 Society of thk Institute of Electronics, information and. 

^ Cotamunicat ion Engineers)"' authored by Sawahaahi, Miki ^ 

I 

Andoh, and Hjiguchi , 2) "Sequential Transmission Line 

I 

Batimation T^pa CDMA Multistage interference canceller 

utilizing a symbol Replica Process (Technical Bulletin, 

20 RCS96-171, February, 1997, Radio Communication System 

Research Society of the Institute of Electronics, 

Information |and Communication Kngineers ) authored by 

Yoshida and Uphirokawa, and 3) "Study of CDMA Interference 

Canceller iti an tTpetraam Line ( Tec hnic al Bulletin, 

25 RCS96-121, ^Tanuazry, 19 9 7, Radio Communication System 

Research Society of the Xns-citute of E lec t iro n ic s , 
I 

Information {and Communication Engineers)'' written by 

I 
i 

r 
1 
I 



troBugi, Katoix,! and Honttia . The above three apparatuses 
are Ixereiaafjt er referred to as l) a serial type 
int er f erencei canceller, 2) a parallel type 

inter feirencel canceller , and 3 ) a symbol ranking type 

I 

5 canceller. | 

i 

Here, i^t can be expected that the use of 
combination Of the array antenna and the interference 
canceller i provide a larger interference 
cancellation! effect than each independent use, 
10 HoweverJ/ in the radio communication system that 

provides reception directivity to each channel 
cor r es pondiiig to each communication partner by use 

of the array antenna, degree of interference with 

I 

respect to ejach communication partner is different 
i 

15 from one [communication partner to another • 

t 

Accordingly v in the case of applying the interference 
canceller to such the system, it is necessary to 
individually provide the interference canceller to 
each channep. corresponding to each communication 
20 partner- Hence, the simple combination of the array 

antenna and the interference canceller increases the 

I 

amount of calculations and the apparatus scale, 
making it difficult to implement such an apparatus 
in ca ns iderja t ion given to actual hardware design^ 

25 I 

i 

Disclosure bf invention 

I 

It is an abject of the present invention is to 



I 
I 

provide a rctdio receiving apparatus and a radio 

I 

receiving merthod -that, are capable of receiving a 

desired signal with high quality in an apparatus of 

small scale! without providing an interference 

5 canceller t^ each channel corresponding to each 

communicat iojn partner even when the array antenna 
I 

and the inte'r f erence canceller are combined, 

I 

1 

In order to attain the above object, the present 

I 

y invention generates a replica signal every signal 

^fl 10 received by ej^ch antenna of the array antenna to nialce 

m it possible jto receive a desired signal with high 

ry quality in ian apparatus of small scale without 

m ' 

providing anj interference canceller to each channel 

corresponding to each communication partner even 



IS when the arraly antenna and the interference canceller 

are combined . 

i 

Particularly, the present invention is 

I 

characterized in that a reception weight by which 
an optimal radiation pattern is formed is calculated 

20 to improve j an interference cancellation effect 
without limiting to a calculation algorithm of the 
reception wjeight- Moreover, the present invention 
is char acte^riz ed in that the reception weight is 
sequent ialljy updated using a signal from which a 

25 interference signal is sequentially eliminated to 
sequentially generate a radiation pattern with high 

reliabilit;^^ ^ whereby further improving the 

1 
t 
I 
I 



t 



interference! cancellation effect, 

I 

Birief Deaciriipt ion of Drawings 

FIG, 1 j is a block diagram of a main part 
5 illustrating a schematic configuration of a radio 
receiving apparatus according to Embodiment 1 of tlie 
pres ent inv^xition ; 

FIG. 2; is a block diagram of a main part 
S illustrating a schematic configuration of icu of each 

fl 10 of first and!second stages of an interference signal 
canceling apfparatus according to Embodiment 1 of the 
W present invention; 

r' FIG. 3' is a block diagram of a main part 

S illustrating a schematic configuration of ICU of a 

Vi 15 third stage! of the interference signal canceling 

J: t 

H apparatus according to Embodiment 1 of the present 

invention; j 

FIG* 4 lis a view of a radiation pattern formed 

by a t»eara steering. 

20 FIG- sjis a view of a radiation pattern formed 

f 

by a null sfteering* 

FIG- 0 is a block diagram of a main part 
illustrating a schematic configuration of a radio 

receiving apparatus according to Embodiment 2 of the 

f 

25 present inv^ention; 

I 

FIG- TjA is a ^T-iew showing one example of a 
radiation pattern formed by each ICU of the radio 
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I 

receiving apparatus according t:o Embodiment 2 of th.e 
present inve^ntion; 

FXG- 7Ej is a view showing one example of a 
radiation pattern formed by each ICU of the radio 
receiving apparatus according to Embodiment 2 of the 
present invention; and 

FIG. 7C is a view showing one example of a 
radiation p4ttern formed by each ICXJ of the radio 
receiving apjparatus according to Embodiment 2 of the 

present invent ion - 

1 

1 

Best Mode for Carrying Out the Invention 

Embodiments of the present invention will be 

specifically described with reference to the 

drawings accompanying herewxtn, 
{Embodiment 1) 

FIG. 1! is a blocR diagram of a main part 
illustrat in'g a schematic configuration of a radio 
receiving apparatus according to Embodiment 1 of the 
present invlention. The following will explain the 
case in which the number of stages of the interference 
canceller is 3 , the number of communication partners 
is 3, and the number of multipaths is 3 . It is noted 
that these ;numbers are just one example, and this 
Embodiment jis not limited to these number - 

In add-itioni^ as illustrated in FIG, 1, since 

I 

the first sitage and the second stage have ttxe same 



conf Iguraniom ^ tine same reference numerals are added 

to the same structural parts, and the explanation 

of the seconid stage Is omitted. 

in FIG* i,* a signal rece:j ved via an anteana 101-1 

is inpxitted t{o ICtTs ( Interference Canceling Unit s ) 

102-1 to 102-3 and a delayer 103-1 provided to 

correspond to the antenna 101-1. similarly^ a signal 

received via an antenna 101-2 is inputted to iCUs 

102-1 to lo!2-3 and a delayer 103-2 provided to 
I 

correspond tie the antenna 101-2- 

XCUs 10*2-1 to 102-3 are provided to correspond 
to communication partners 1 to 3, respectively, and 
each generates a replica signal in connection with 
each of the signals received via the antennas 101 — 1 
and 101-2, The replica signals generated by the ICUs 
102-1 to 102-3 are inputted to adders 104-1 and 104-2 
provided to* correspond to the antennas 101-1 and 
101-2^ and are inputted to adders lOS-1 and 105-2. 
The conf ign^ration of each of the ICUs 102-1 to 102-3 
will be described later- 

The delayers 103—1 and 103-2 delay the received 
signals by processing time of ICUs 102-1 to 102-3/ 
and each outputs the resultant to each of the adders 
104-1 and l'04-2. 

In th^ adder 104-1, the replica signals of 
com^municat ion partners 1 to 3 for the signal received 
via the antenna lOl-l are subtracted from the signal 
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received via<t:lie antienna 101-1 AlsOf in the addex: 
104-2 f the replica signals of communication partners 
1 to 3 for th^ signal received via the antenna 101-2 
are subtractfed from the signal received via the 

i 

antenna 101-2- a?his eliminates the replica signals 
of all communication partners from the signals 
received vi.a the respective antennas. Signals 
(residual signals) obtained by eliminating the 
replica signals of all communication partners from 
the received s ignals are inputted to the adders 105-1 
and 105-2/ respectively/ and are inputted to the 
delayers 103-1 and 103-2 of the second stage. 

In the : adders 105-1 and 105-2r the replica 
signals for!the signals received via the antennas 
101-1 and 10|l-2 and the residual signals are added 
every commuhicat ion partner- This eliminates the 
replica sig^nal of communication partner 1/ the 
replica signal of communication partner 2, the 
replica signal of communication partner 3 from the 
received sjLgnals every antenna- Namely, when 
attention i^ P^id to communication partner 1/ the 
signal from| communication partner 2 and the signal 
from communication partner 3, which cause 
interference with communication partner \, are 
eliminated (from the received signal to obtain a 
desired signal for communication partner 1 every 
antenna. TWe similar processing is carried out, so 



t-h-at the slg^uals of otlxer coiamunicaliion partners 
causing interference are eliminated from the 
received signals^ so that the desired Signal for 
communication partner 2 and the desired signal for 
communicat icin partner 3 can be obtained every antenna . 
The obtained desired signals are inputted to ictjs 
102-1 to 10Z'-3 of the second stage^ r espect ively - 

According to the radio receiving apparatus of 
this embodiment, the same processing as performed 
in the first: stage is repeated in the second stage^ 
so that the accuracy of replica signal ia improved 
and that of the interference signal cancellation is 
improved* Xn other words, the more the number of 
stages are increased, the more the inference signals 
sent from the other communication partners that 
cause intie r-f er ence with the respective 

communication partners are eliminated- 

The signals added by the adders 105-1 and 105-2 
of the second stage are inputted to icus 106—1 to 
106-^3 of the third stage, and are demodulated. This 
obtains demodulated signals 1 to 3 of the 
communication partners 1 to 3, 3*he configuration of 
each of the! ICUs 106-1 to 106-3 will be described 
lat er * 

An explanation will be next given of ICXJs 102-1 
to 102-3 anid ICUs 106-1 to 106-3* FIG. 2 is a block 



diagram of 



a main part illustrating a schematic 
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configuration of ICXJ of each of first and second 
sta^ges of an iJnter f er ence signal canceling apparatus 
according to 'Embodiment 1 of the present invention, 
Alao^ FIG. 3 is a block diagram of a main part 
illustrating! a schematic configuration of iCtJ of a 



third stage 
apparatus ac 



of the interference signal canceling 
pording to Embodiment 1 of the present 
invention- Additionally/ ICUs 102-1 to 102-3 of the 
first and second stages have the same configuration 
and operation, respectively* Also, ICUs 106-1 to 
106-3 of the ithird stage have the same configuration 
and operatioin- Accordingly, in the explanation set 
forth belowy the ICXJ 102-1 of the first stage and 
the iCtT lOS-il of the third stage corresponding to 
the communipation partner 1 are explained, and the 
explanation ;of the respective iCUs corresponding to 
the communication partner 2 and the communication 
partner 3 is: omitted. Moreover, the ICU 102-1 shown 
in FXG. 2 aind the ICTT 106-1 shown in FIG* 3 are 
configured pn the assumption that the number of 
multipath to the radio receiving apparatus is 3 - in 
FIGS. 2 and ' 3 , the respective configuration parts 
for the resipective paths are shown by PI to P3, 
respectively- Since the respective configuration 
parts for ^the respective paths have the same 
configuration and operation, only the first path PI 
is illustrated, and the explanation of the second 



path P2 and third path P3 is omitted- 

In FIG*' 2, the ICU 102-1 briefly includes a 
preceding stage SI in which the signals received by 
the respective antennas 101-1 and 101-2 are subjected 
5 to despreading and then the resultants are mult iplied 
by reception weights of the receptive antennas^ 
respectively], an intermediate stage S2 in which RAKE 
O combining and provisional decision are carried out, 

5 and the lastlstage S3 in which the signal subjected 

% 10 to provisional decision is multiplied by a weighting 
factor for generating a replica signal (hereinafter 

B referred to' as "replica weighf ) to generate a 

^ I 

P replica signal* 

2 The signal received via the antenna 101-1 is 

O 15 despread by; a despreading section 201-1 and the 
^ signal received via the antenna 101-2 is despread 

by a despreading section 201-2- nespread signals Xi 

r 

and are inputted to multipliers 202-1, 202-2, a 
reception weight calculation section 203, and an 
20 arrival direction estimation section 204 • 

The reception weight calculation section 203 

calculates Weights Wi and Wi of each antenna, and 

i 

outputs the resultants to mult ipliers 2 02-1 and 202-2 , 
and a repliqa weight calculation section 211- Since 
25 the reception weight calculation section 203 is 

provided every path and every communication partner, 

» 

making it possible to calculate the reception weight s 

\ 
I 
( 



each being dijf Cerent: every patli and e^z^ry xiser. The 
calculation method for the reception weight will be 
described later- 

The arrival direction eatiidiation section 204 
estimates a .direction of arrival of the received 
signal every; ant enna , and outputs steering vectors 
Si and S2 of the respective antennas to the replica 
weight calculation section 211 r and the arrival 
direction estimation sect ion204oft he second stage. 
Here , the rea[son why the arrival direction estimation 
section 204 bf the first stage outputs the steering 
vectors Si and S2 to the arrival direction estimation 
section 204I of the second stage is as follows- 
specifically/ the arrival direction estimation 
section 204 6f the second stage averages the steering 
victors calJculated in the first stage and the 
steering victors calculated in the second stage every 
path^ and uses the resultant as a steering vector 
in the seccpnd stage. This malces it possible to 
increase the accuracy of the steering vector as the 
operation goes to the last stage, in other words, 
the accuracy of the direction of arrival can be 

r 

improved as! the operation goes to the last stage, 
malcing it p;ossible to improve the accuracy of the 

i 

calculation[ of the replica weight* 

Here, since the signal inputted to each stage 
is a signal from which an interference signal is 
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eliminated in the previous stage, the signal whose 

interference! state changes every stage is inputted. 

I 

Hence, according to this eiabodiment, the reception 
weight calculation section 203 and the arrival 
direction estimation section 204 are provided on a 
stage-by-stajge basis. This makes it possible to 
adaptively jchange the radiation pattern in 
accordance with the state of the inference signal 
at this point on the stage-by-stage basis. Hence, 
according tojthis embodiment,, the radiation pattern 
and the replica signal can be accurately generated. 
This eliminates the useless processing wherein 
interference cancellation using directional control 
is further performed to interference that can be 
sufficiently cancelled by only interference 
cancellat ioii processing, conversely; interference 
cancellation processing is further performed to 
interference that can be sufficiently cancelled by 
only directional control- 
Moreover, according to this embodiment, the 
direction of arrival of the signal from which the 
interference signals are sequentially cancelled is 
estimated* ^ence, the accuracy of estimation of the 
direction of arrival is improved as the operation 
goes to the last stage* Accordingly, since the 
interf erencle cancellation having good performance 
can be carrjied out with a relatively small number 
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of stiages/ the apparatus scale can be reduced* 

Desprea'd signals Xi and X2 are multiplied by 
reception weights Wi and by the laultipllers 202-1 
and 202-2 / respectively,, and the resultant is added 
5 by an adder 205. This carries out array combining* 
The signal subjected to array combining Is outputted 

to a channel .'estimation section 206 and is outputted 

I 

to a multiplier 207- 
^ The channel estimation section 206 performs the 

10 channel estimation based on the signal subjected to 

01 

Zi the array c^mbinxng^ and outputs the resultant to 

a complex coh jugate ha* of a channel estimation value 

m ; 

^ htt to the multiplier 207 , and outputs the channel 

^ estimation .value h« to a multiplier 210* The 

k| 15 multiplier [207 multiplies the signal subjected to 
the array combining by the complex conjugate h»* of 
the channel' est imat ion value. This compensates for 
phase rotation of the signal subjected to the array 
combining- \ 

20 The signal, which has been subjected to the array 

combining of each of paths Pi to P3 and which has 
been multiplied by the complex conjugate ha* of the 
channel estimation value, is subjected to RAKE 
combining tiy an adder 208 of the intermediate stage 

25 S2- The r|esult obtained by RAKE combining is 
temporarily decided by a decider 209. A signal d 
subjected -^o temporarily decision is multiplied by 
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> 

I 

ttie channel estimation value ha, by a laultiplier 210 
for oach of 'paths Pi to P3 , and the resultant is 
inputted to multipliers 212-1 and 212-2, 
respect ivelyi- 

A replica weight calculation section 211 
calculates rfeplica weights Wn andW^^using reception 
weights Wi and Wz and steering vectors Si and Szr and 
outputs the iresultant to the multipliers 212-1 and 
212-2 r respectively. The method for calculating the 
replica weight will be described later,. 

The multipliers 212-1 and 212-2 multiply the 
signals outputted from the multiplier 210 by replica 

i 

weights W^i 1 and W^a/ respectively • This obtains 
replica signals xri and Xra corresponding to Xi and 
X2 , respectively. The replica signals Xrx and Xra are 
spread by re-spreading sections 213-1 and 213-2, 
respectively, and the resultants are inputted to 
adders 214-^. and 214-2- The replica signals Xrx and 
Xr2 re-spread for each of paths PI to P3 are added 
by adders 2il4-l and 214-2, respectively, and the 
resultants are inputted to adders 105-1 and 105-2* 
Next, the icu 106-1 of the third stage will be 
described. As illustrated in FIG* 3, the ICXT 106-1 
of the third stage has substantially the same 
structure as that of the preceding stage SI and that 

i 

of the intermediate stage S2 of the ICU 102-1 of FIG, 
2 , Accordingly, the same reference numerals are added 
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to the same • configuration partis as tihose of tlie 
ICU102-L of FIG* 2r and "the explanation of the ICU 
106-1 of the! third stage will be omitted. The ICO 
106-1 is different from the icti 102-1 in the point 
5 that there is no the arrival direction estimation 
section 204 pirovided in the ICU 102-1 • This is because 
in the third stage, demodulated signal 1 is outputted 
instead of the replica signal,, and therefore the 
S replica weight necessary for generating the replica 

fl 10 signals noti required^ whereby steering vector 
Si necessary fcir calculating the replica weight is not 

W required also- 

' An explanation will be next given of the method 

S for calculaliing the reception weights Wi and Wz , and 

n 15 the method for calculating the replica weights Wrx 

Q and . ; 

The method of directional control using the 
array antenna is largely divided into directional 
control ca;rried out by a beam steering and 
20 directional: control carried out by a null steering- 
The beam steering is a method in which 
interference from the other communication partners 
is eliminated by generating such a radiation pattern 
that directs directivity to a direction where a 
25 desired communication partner exists. On the other 
hand, the I null steering is a method in which 
interference from the other communication partners 
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is elixaxnat eci by generating a radiation pattern that 
forms a nullj point in a direction where a desired 
communicatio^o. partner exists* 

Xn the c;ase of performing array reqeption using 
the beam steering, the signals received by the 
respective antennas are multiplied by in-phase 
addition weijghts as reception weights Wi and W2 such 
that the signals received by the respective antennas 
are added in; a state that they all are in phase with 
each other. Here, the in-phase addition weights are 
weights that adjust only phases of the signals 
received by the respective antenna- For this reason^ 
in the case of using the in-phase addition weights 
as rec apt ion weights Wi and r the s ignals subjected 
to provisional decision are multiplied by complex 
conjugates of reception weights Wi and Wa as replica 
weights Wri and Wri in order to return the adjusted 
phases to the originally This makes it possible to 
generate rej^lica s ignals Xri and Xri for each antenna - 

However., in the case of the beam steering {namely, 
in-phase addition weight) , the radiation pattern is 
not in a poin'ted form as illustrated in FIG • 4 . Moreover , 
in the case of the beam steering, control is performed 
in such a way that the center of the radiation pattern 
is directec^ to the direction where a desired 
communic at 4.on partner exists. For this reason, when 
the directitjn where the desired communication partner 
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exists and the direction where the communication 
partner^ which causes interference, exists are close 
to each other or when transmission power of the 
communication partner^ which causes^ interference, 
is greater than that of the desired communication 
partner, it is impossible to sufficiently eliminate 
interference with respect to the desired 
communication partner- 
More specif ically , as illustrated in FIG. 4, when 
communication partner 2 exists closely in the 
direction where a desired communication partner 1 
exists, the. signal sent from the communication 
partner 2 that causes interference with the 
communicatipn partner 1 cannot be fully eliminated 
in the case 'of the beam steering- Vot this reason, 
the gain of i the desired communication partner 1 
becomes extremely small as compared with the case 
in which there is no interference from the 
communication partner 2, 

On the other hand r in the case of the null steering , 
such a radiation pattern that directs the null point 
to the direction, where the communication partner 
2 that causes interference exists, is formed in 
connection :with the desired communication partner 
1 as illustrated in FIG. 5- This makes it possible 
to fully eliiminate the signal sent from the 
communication partner 2 that causes interference with 
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the communication partner 1 . As a result, the gain 
of the desired communication partner 1 becomes 
extremely lalrge as compared with the case of using 
the beam steelring. In this way, it is useful to perform 
5 the array reception using the null steering at the 
time of eliminating the interference signal. 

Accordingly, the radio receiving apparatus of 
this embodiment performs the array reception using 
D the null steering. In other words, the reception 

3 10 weight calculation section 203 shown in FIG. 2 

calculates reception weights Wi and Wz by a control 
algorithm using, for example, MMSE (Minimum Means 
square Error) as a code so as to obtain the null point. 
However, reception weights Wx and Wj thus 
15 obtained are not the weights that adjust only the 
phases of the signals received by the respective 
antennas. H^nce, in the case of performing the array 
reception using the null steering, replica signals 
Xri and Xr2 for every antenna cannot be generated by 
20 multiplying^ the signals subjected to provisional 

decision by! complex conjugates of reception weights 
Wi and Wj, as replica weights Wn and - 

For this reason, according to this embodiment, 
the replica; weight calculation section 211 shown in 
25 FIG. 2 calculates a replica weight W^k in the following 
way. Additionally, in this embodiment, since the 
number of array antennas is two, k is 1 or 2- 
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Xt is assumed that a signal subjected to 
provisional decision by the decider 209 is d, a 
steering vector of each antenna obtained by the 
arrival direction estimation section 204 is Sr and 
5 a channel es.timation value of a signal Xk received 
by each antenna is h* The replica signal Xric <=an be 
expressed by* the following equation (l)s 

Xrt^dhSfc (1) 

Addit iolnally , since it is assumed that fading 
correlation between the array antennas is 1/ the 
10 channel estimation values of the signals received 
by the respective antennas are all h, 

Moreover, it is assumed that the channel 

I 

estimation value of the signal subjected to array 
combining obtained by the channel estimation section 
15 206 is ha andi a reception weight by which the signal 
Xic received fcy each antenna is multiplied is Wjc- The 
following equation is established* 

dha^yxrtm ; (2) 

where n denotes the number of antenna. 

Substitution of equation (1) into equation (2) 
20 yields the following equation {3)5 

dfU^^dhSiJVM ; (3) 

From tixe equation (3), the following equation 
(4) is established; 
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ha 

^SkfVk 



Moreover , 



expressed by 



(4) 



Next, substitution of equation (4) into 
equation ( 1 ) 



yields tlie following equation (5)i 
- (5) 



ttie 



replica signal Xrx 



can 



be 



the following equation 
- (6) 

Then, comparison between equation (5) and (6) is 
performed and the following equation (7) can be 
obtained as a replica weight Wrk by the replica weight 
calculation section 211- 



St 



(7) 



Accordingly^ the radio receiving apparatus of this 
embodiment can. calculate the replica weight Writ 
without liialitation of the kinds of the reception 
weights even if any kind of reception weight is used 
as a reception weight Wjf 

Therefore, the radio receiving apparatus of 
this embodiment can generate the replica signal X^jc 
every antenna even if the replica weight Wrk is not 
the complea^ conjugate of the reception weight Wjc - 



Xn ot:her wordS/ since the fclnd of reception weight 
used in^ thel Jtradio receiving apparatus of this 
embodiment ijs not limited to the in-phase addition 
weight, the] radio receiving apparatus of this 
5 embodiment can perform the array reception using the 
null steering having high interference cancellation 
effect- 

^ The above has explained the case in which the 

array reception is performed using the null steering 
m 10 as one e:}cample. The radio receiving apparatus of this 
fy embodiment dan generate the repiica signal even if 

its 

any kind of ^reception weight is used, so that the 
^ method of the array reception is not limited to the 

null steering, 

O 15 For ex|ample, in the case where the radio 

receiving ajjparatus of this embodiment performs the 
array reception using the beam steering, the arrival 
direction estimation section 204 outputs the 
steering vector Sjc to the reception weight 
20 calculation^ section 203, and the reception weight 
calculation! section 203 calculates the reception 
weight Wx as* a complex conjugate S)^* of the steering 
vector Sfe* 

Namely,', in the above equation (7) is equal 

25 to Sx*. I 

Wk^Sk* (8) 

Accordingly, the replica weight calculation 
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section 211 calculates -the replica weight Wric using 
the above equation (7) to obtain, the following 
equation { 9 ) e 

Accordingly^ since the replica weight Wrk serves 
as a complex; con jugate of the reception weight w^/ 
the radio receiving apparatus of this enibodiment can 
use the in-phase addition weight also as a reception 
weight . ! 

In this; way, according to the radio receiving 

apparatus arid the radio receiving method this 

embodiiaent, the array reception is performed using 

the optimal directional control method in order to 

improve th^ interference cancellation effect 

without limiting to a calculation algorithm of the 

reception weight, and the replica signal can be 

generated every signal received by each antenna of 

the array antenna. This makes it possible to receive 

a desired signal with high quality in an apparatus 

of small scale even when the array antenna and the 

Interference canceller are combined. 
I 

Moreover^ according to the radio receiving 
apparatus ajid the radio receiving method of this 
embodiment,,' the reception weight can be updated in 
accordance ; with the change in the state of 
interference. This makes it possible to generate the 
radiation, pattern and the replica signal accurately. 
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Accordingly/' according to the radio receiving 
apparatus and the radio receiving method of this 
embodiment, ,'since the interference cancellation 
having good performance can be carried out with a 
relatively s|mall number of stages,, the apparatus 
scale can be' reduced. 

still moreover, according to the radio 
receiving apparatus and the radio receiving method 
of this emb|odiment/ since the accuracy of the 
m 10 estimation pt the direction of arrival can be 
m improved as the operation goes to the last: stage^ 

2'' the accuracylof the calculation of the replica weight 

„. I 

^ can be imprc^ved, 

p 15 (Embodiment 2) 

The radio receiving apparatus and the radio 
receiving melthod of this embodiment are to eliminate 
the int erf |erence signals sequentially every 
communication partner in one stage and to update the 
20 reception weights sequentially every communication 
partner in one stage. 

FIG. 6; is a block diagram of a main part 
illustr at injg a schematic configuration of a radio 
receiving apparatus according to Embodiment 2 of the 
25 present invention. Additionally^ ICUs 606-1 to 606-3 
shown in PIQ. 6 have the same configuration as that 
of the ICU 102-1 shown in FIG- 2,- and the detailed 
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explanation of each ICU is oiaitted • Xt is noted that 
the ICU 606-1 and 606-2 of the third stage shown in 
FIG. 6 adopt the configuration that output the 
replica clgn'al and output demodulated signal 1 and 
Z, respectivlely - Also, the ICU 606-3 of the third 
stage shown in FXG* 6 adopts the same configuration 
as that of the ICU 106-1 shown in PIG- 3 so as to 
output a demodulated signal 3, 

In addition, as illustrated in FIG. 6, since 
3 10 the first to third stages have the same configuration, 
Sj the same reference numerals are added to the same 

% structural ^^arts , and the explanation of the second 

L and third stages are omitted. 

Signals received via antennas 601-1 and 601-2 
are inputted to delayers 602-1,602-2, and 603-1, 
603—2, respectively^ The received signals inputted 
to the delayers 602-1 ,602-2 are delayed by a given 
time and out|putted to the second stage. The received 
signals inpiitted to the delayers 603-1, 603-2 are 
delayed by a given time, and outputted to the ICU 
606-1 and outputted to delayers 604-1 and 604-2* 

in the ICU 6 0 6-1 , a reception weight ^ a steering 

I 

vector, and; a replica signal of the communication 
partner 1 are generated every antenna based on the 
received signal. The replica signal of the 
communication partner 1 generated every antenna is 
inputted to! each of adders 607-1 and 607-2 , and the 
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Steering vector every antenna is inputted to the ICU 
606-1 of the, second stage. 

In the adders 607-1 and 607-2 connected to the 
delayers 604-lr 604-2^ the replica signals of the 
communication partner 1 are eliminated from the 
received signals delayed by the delayers 604-1, and 

604-2. 

In the I'CU 6 0 6-2 , a r ecept ion weight , a s t eer ing 
vector;^ and a replica signal of the communication 
partner 2 are generated every antenna based on a 
signal obtained by eliminating the replica signal 
of the communication partner 1 from the received 
signal • The' replica signal of the communication 
partner 2 generated every antenna is inputted to each 
of next adders 607-1 and 607-2, and the steering 
vector every antenna is inputted to the ICU 606-2 
of the second stage- 
In the adders 607-1 and 607-2 connected to the 
delayers 60'5*-l/ 605-2 , the replica signals of the 
communication partner 1 and those of the 
communication partner 2 are eliminated from the 
received signals delayed by the delayers 605-1, and 
605-2. 

Then, lin the ICU 606^-3, a reception weight, a 
steering vector^ and a replica signal of the 
communication partner 3 are generated every antenna 
based on a signal obtained by eliminating the replica 
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signal of -t tie 'g ommunic a t io n partner 1 and the replica 
signal of the communication partner 2 from the 
received signal. 

In this way, since each ICU in one stage 
calculates the reception weight based on the signal 
from which th,e interference signals are seguentially 
eliminated, the reception weights are sequentially 
updated every communication partner in one stage. 

An explanation will be next given of the 
radiation pattern generated by each ICU of the first 
Stage using ;FIGS* 7A to 7C- FXG. 7A to FIG. 7C are 
view each showing an example of a radiation pattern 
formed by each ICU of the radio receiving apparatus 
according to Embodiment 2 of the present invention, 
in FIGS- 7A to 7C, it is assumed that the wider the 
width of the- arrow becomes, the larger transmission 
power becomes . 

First, ]all signals sent from the communication 
partners 1 tb 3 are contained in the signals inputted 
in the ICU 606-1 - It is assumed that the ICU 606-1 
performs the array reception using the null steering . 
In the ICU 6.06-1, as shown in FIG. 7A, the radiation 
pattern is generated in such a way that the null point 
is directed'to the di r ect ion where the communication 
partner 2 exists - This makes it possible for the ICU 
606-1 to .generate the replica signal after 
eliminating interference received from the 
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commurxication partner 2 • As a result, the replica 
signal of the communication partner 1 can be 
accurately generated. 

The reaison why the null point is not directed 
5 to the direction where the communication partner 3 
exists is as follows i 

Since the number of antennas is two r "the number 
of null points that can be generated is only one, 
5 with the result that the null point is formed in the 

10 direction where the communication partner 2 
providing a large quality of interference exists- 
Since the replica signal of the communication 
partner 1 is eliminated from the recei^s^ed signal by 
the adders 607-1 and 607-2 connected to the delayers 
15 604-1 and 604-2, only the signals sent from the 
communication partners 2 and 3 are contained in the 
signals inputted to the ICU 606-2. Accordingly/ in 
the IC0 606-2 , as illustrated in FIG. 7Br the 
radiation pattern is generated in such a way that 
the null popLnt is directed to the direction where 
the communication partner 3 exists. This makes it 
possible for the ICU 606-2 to generate the replica 
signal after eliminating interference received from 
the communication partner 3 from the signals from 
which interjf er ence received from the communication 
partner 1 is eliminated. As a result,, the replica 
signal of 'the communication partner 2 can be 
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accurately generated. 

Then, since the replica signals of the 
commun icat ioh partners 1 and 2 are eliminated from 
the received* s ignals by the adders 607-1 and 607-2 
5 connected to the delayers 605-1 and 605-2/ only the 
signal sent from the communication partner 3 is 
inputted to the ICU 606-3 . Accordingly, in the ICU 
606-3/ as illustrated in FXG* 7C, the radiation 
^ pattern is generated in such a way that the beaia point 

yi 10 is directed t;o the direction where the communication 
partner 3 exists. This makes it possible to generate 
S the replica ;signal of the communication partner 3 

accurately. 

Embodiment 1 has explained the radio receiving 
15 apparatus in. which the array antenna and the parallel 
M= type interference canceller are combined* In the 

radio receiving apparatus of embodiment 1, the 
parallel typje interference canceller is used, so that 
the inference signals of the respective 
20 communicat ipn partners are simultaneously 
eliminated in parallel in one stage . For this reason, 
in Embodiment 1, each ICU in one stage calculates 
the reception weights without considering the 
int er f erenc^e signals to be eliminated in the stage- 
25 In contrast to this, the radio receiving 

apparatus o=f Embodiment 2 is the radio receiving 
apparatus in which the array antenna and the serial 
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type interfierence canceller are combined as 
illustra-ted in FIG, 6. For this reason, in the radio 
receiving ^'pparatus of this embodinient , the 
interference; signals are sequentially eliminated 
s for every communication partner: in one stage. 
Accordingly, in the radio receiving apparatus of this 
embodiment, : the signals from which interference 
signals are sequentially eliminated are inputted to 
I each ICU in one stage - 

% 10 In other words, each XCU of the radio receiving 

^ apparatus of this embodiment calculates the 

y reception weights with respect to the signals from 

which the i-nter f er enc e signals are sequentially 
D eliminated iti one stage. Hence, as compared with each 

4 IS ICU of the radio receiving apparatus of Embodiment 
t 1, it is possible to calculate the reception weights 

vith respect to the signals having a small amount 
of interference* Accordingly, the radio receiving 
apparatus of this embodiment can generate the 
20 radiation pattern and the replica signal more 
accurately as compared with Embodiment 1 . This makes 
it possible to obtain high interference cancellation 
capability even if the number of stages is further 
reduced as compared with Embodiment 1, Therefore, 
25 it is possible to further reduce the apparatus scale. 

Thus/ according to the radio receiving 
apparatus ahd the radio receiving method according 
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to this eml:>o:dxiiient , the interference signals aire 
sequentially! eliminated every communication partner 
in one stagfe to update the reception weights 
sequentially every communication partner in one 
stage . This mjakes it pos sible to improve the accuracy 
of the radiation pattern and that of the replica 
signal- Therefore^ according to the radio receiving 
apparatus anjd the radio receiving method according 
to this embodiment, it is possible to obi:ain high 
interference cancellation capability even if the 
number of stages is further reduced as compared with 
Embodiment 1> and this makes it possible to further 
reduce the apparatus scale- 
Additionally f in Embodiments 1 and 2 , the method 
for estimating -the direction of arrival is not 
particularly limited. The estimation of ^ the 
direction of arrival aims to obtain the steering 
vector Sic every antenna* l*or this reason, the radio 
receiving apiparatus of Embodiment 1 and 2 may obtain 
20 the steering vector Sk using any method as long as 
the steering vector can be obtained* For example, 
the radio receiving apparatus of Embodiment 1 and 
2 calculate the correlation value between the signal 
received by each antenna and the known signal to make 
25 it possible; to obtain the steering vector Sjc- 

Embodiiient 1 has explained the radio receiving 
apparatus in which the array antenna and the parallel 
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t:ype interference canceller are combined. 
Embodiment: 2 has explained the radio receiving 
apparatus in 'Whicii the array antenna and the serial 
type interference canceller are combined. However, 
5 the present invention can be applied to the radio 
receiving apparatus in which the array antenna and 
the symbol ranking type interference canceller are 
^ combined* 

^ AS explained above, according to the present 

Wio invention, ;even if the array antenna and the 

N interference canceller are combined, it is possible 

1 y 

m ■ to receive a desired signal with high quality in an 
apparatus o^ small scale without providing an 

2 interference canceller to each channel 
^fi5 corresponding to each communication partner. 

This apt>lication is based on the Japanese Patent 
Application 'wo . 2000-010878 f iled on January 19 , 2000, 
entire content of which is expressly incorporated 
20 by roferenc^ herein 

Industrial Applicability 

The present invention is suitable for use in 
a mobile sjtation apparatus and a base station 
25 apparatus ijci a mobile communication system* In the 
case of appjlication r it; is possible to receive a 
desired signal with high quality in an apparatus of 
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small scale i even if the array antenna and the 
interference! canceller are combined in the mobile 
station apparatus and the base station apparatus- 
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